We analyse properties of galaxy groups and their dependence on the large-scale environment as defined by superstructures. We find that group-galaxy cross-correlations depend only on group properties regardless the groups reside in superstructures. This indicates that the total galaxy density profile around groups is independent of the global environment. At a given global luminosity, a proxy to group total mass, groups have a larger stellar mass content by a factor 1.3, a relative excess independent of the group luminosity. Groups in superstructures have 40 per cent higher velocity dispersions and systematically larger minimal enclosing radii. We also find that the stellar population of galaxies in groups in superstructures is systematically older as infered from the galaxy spectra Dn 4000 parameter. Although the galaxy number density profile of groups is independent of environment, the star-formation rate and stellar mass profile of the groups residing in superstructures differs from groups elsewhere. For groups residing in superstructures, the combination of a larger stellar mass content and star-formation rate produces a larger time-scale for star formation regardless the distance to the group center. Our results provide evidence that groups in superstructures formed earlier than elsewhere, as expected in the assembly bias scenario.
INTRODUCTION
The large-scale structure of the Universe appears as a network made up of walls, filaments, knots and voids (Joeveer et al. 1978; Gregory & Thompson 1978; Zeldovich et al. 1982; de Lapparent et al. 1986 ). The nodes are the intersections of walls and filaments, so they are the highest density regions, usually known as superclusters. Supercluster of galaxies are the largest systems present in the Universe. There are many galaxy groups and clusters inhabiting these large systems. Studies of the galaxy clusters according to their environment are useful to understand the properties and evolution of both, galaxy clusters themselves and the large-scale structure of the Universe. Besides, studying their influence on galaxy clusters it is possible to analyse properties and the evolution of large-scale structure. Recent galaxy redshift surveys (e.g. York et al. (2000) ; Colless et al. (2001) ) sample a sufficiently large volume to allow the study of the influence of supercluster in galaxy groups. There are many previous studies, both theoretical and observational, that show that richer and more luminous groups and clusters of galaxies are located in higher density environments (Einasto et al. 2003 Croft et al. 2012) ; while the galaxy properties, such as the star-formation rate or galaxy colours, also depend on large-scale structure (Binggeli 1982 ; Donoso et al. 2006; Crain et al. 2009 ; White et al. 2010 ). analised the properties of galaxies in superclusters in the 2dFRS galaxy catalogue, and found that galaxy morphologies and their star formation activity are influenced by both the local and global environments. Park & Choi (2009) used a volume-limited sample of galaxies extracted from the SDSS-DR4 to show that the influence of the large-scale density is not very significant over several galaxy properties once luminosity and morphology are fixed. However they suggest that this weak residual effect is due to the dependence of halo gas property on the large-scale density. Regarding to numerical simulations, Gil-Marín et al. (2011) took into account the environmental influence proposing an extension of the halo model. The formation and evolution of systems that are embedded in superstructures could be conditioned by these large overdensities (Hoffman et al. 2007; Araya-Melo et al. 2009; Bond et al. 2010; Pompei & Iovino 2012, and references therein) . In high density regions clusters have a larger amount of substructures and higher peculiar velocities of their main galaxies than in low density regions Tempel et al. 2009 ).
Most recent results are presented in Einasto et al. (2012) ; Lietzen et al. (2012) and Costa-Duarte et al. (2012) . Distinguishing between spider and filamentary morphology of superclusters, Einasto et al. (2012) found that clusters in spider shape superclusters tend to have more substructure and higher peculiar velocities than cluster in filamentary superclusters. Furthermore, clusters that are not members of superclusters have less substructure and lower values of peculiar velocities than supercluster members ). Costa-Duarte et al. (2012) verified the results found by Einasto et al. (2012) and also studied the effect of environment on galaxies in clusters and their outskirts. They suggest that the stellar population of clusters does not depend on supercluster richness nor morphology. Lietzen et al. (2012) studied how the galaxy evolution is influenced by the local group scale and the large scale environment. They found that in voids, the fraction of passive and starforming galaxies in groups are approximately equal, while in superclusters the fraction of passive galaxies are considerably larger than those of star-forming galaxies. Moreover, equally rich groups are more luminous in superclusters than in voids. In this work, we will analyse the properties of galaxy groups located in large superclusters.
This paper is organized as follows. In Section 2 we present the data samples extracted from the galaxy, group and supercluster catalogues. In Section 3 we show the results of the analysis of group properties and their dependence with the large scale environment characterized by superstructures. Discussion and conclusions and given in Section 4. Throughout this paper, we adopt a concordance cosmological model (Ω Λ = 0.75, Ω matter = 0.25) in the calculation of distances.
DATA AND SAMPLES

SDSS-DR7
One of the largest and most ambitious surveys carried out so far is the Sloan Digital Sky Survey (York et al. 2000) . It has deep multicolor images covering more than one quarter of the sky and creates three-dimensional maps containing more than 930000 galaxies and more than 120000 quasars. Its main goal is the study of largescale structure of the Universe, producing also astronomical data for other areas. In particular, in this work we use the Seventh Data Release (DR7) of the spectroscopic galaxy catalogue. It is one of the largest data sets produced by this project and contains images, image catalogues, spectra and redshifts. The limiting magnitude of the spectroscopic galaxy catalogue in the r-band is m r = 17.77 (Strauss et al. 2002) . The information about this survey is publicly available 1 . We also use the MPA-JHU DR7 (Kauffmann et al. 2003) , which provides additional information about star-formation rates, stellar masses and the spectral indicator Dn 4000 . The starformation rates (SFRs) are computed following the procedure described by Brinchmann et al. (2004) .
Regarding to the stellar masses, they are obtained as explained in Kauffmann et al. (2003) and Salim et al. (2007) . Spectral indicators are usually computed to quantify spectral evolution of galaxies. A widely used parameter is the Dn 4000 index, introduced by Hamilton (1985) . The 4000Å break amplitude is obtained from the ratio of the averaged flux density above 4000Å to the averaged flux density below 4000Å (Hamilton 1985) . The ranges used to compute that averages are 4050 − 4250Å and 3750 − 3950Å. The break at 4000Å is produced by the absorption of metalic lines, specially Fraunhofer H and K lines of CaII, and lines of various elements heavier than Helium in several stages of ionization. The opacity for photons bluer than λ ∼ 4000Å rapidly increases, producing a characteristic change in the intensity. This intensity drop is enhanced in galaxies with metal rich, old stellar populations. Also, the Balmer lines close to 4000Å become broader and deeper with time from the starburst (Sánchez Almeida et al. 2012 ). This parameter is a good indicator of stellar evolution, since it correlates with effective temperature, surface gravity and metalicity in stellar spectra (Gorgas et al. 1998 (Gorgas et al. , 1999 .
Catalogue of Superstructures
The clustering properties of galaxies in scales smaller than the size of superstructures are key to observationally constrain the accretion process that give rise to luminous galaxies. The evolution of the supercluster-void network depends on the matter/energy contents of the universe, and thus are sensitive to the cosmological model. Using numerical simulations of a LCDM universe evolved up to a scale factor 100 times the present value, Dünner et al. (2006) find that there is a minimum mass overdensity for a structure to remain bound in the future. According to this, they stablish a criteria to identify structures in the present day universe that are likely to evolve into virialized structures. On the other hand, proposed a method to identify superstructures from a smoothed luminosity density field. The authors build a superstructure catalogue by isolating large regions in space that have a luminosity above a given threshold, calibrated so that the largest superstructure is limited to the size of the largests known superclusters. The density field method can be combined with the results from numerical simulations to establish, assuming a constant mass to luminosity relation, criteria to isolate structures that are likely to evolve into virialized structures in the distant future Luparello et al. (2011) . We use this catalogue of "superstructures", i.e., systems that are Future Virialized Structures (hereafter FVS) to characterize the large scale environment of galaxies. The catalogue of FVS was extracted from a volume-limited sample of galaxies from the SDSS-DR7, with a limiting absolute magnitude of M r < −20.47, in the redshift range 0.04 < z < 0.12. The luminosity-density field is constructed on 1 h −1 Mpc cubic cells grid, applying an Epanechnikov kernel of r 0 = 8 h −1 Mpc (equation 3 of Luparello et al. (2011) ). The structures are constructed by linking overdense cells with a "Friends of Friends" algorithm, using a luminosity overdensity threshold of D T = ρ lum /ρ lum = 5.5. They also assign a lower limit for the total luminosity of a structure at L struct 10 12 L to avoid contamination from smaller systems. The main catalogue of superstructures has completeness over 90 per cent and contamination below 5 per cent, according to calibrations made using mock catalogues. The volume covered by the catalogue is 3.17 × 10 7 (h −1 Mpc) 3 , within which 150 superstructures were identified, composed by a total of 11394 galaxies. FVS luminosites vary between 10 12 L and 10 14 L , and their volumes range between 10 2 (h −1 Mpc) 3 and 10 5 (h −1 Mpc) 3 . The authors analysed 3 samples of SDSS-DR7 galaxies with different luminosity thresholds, dubbed S1, S2 and S3, and are described in Table 1 of their paper. We will consider sample S2 in our analysis, which contains 89513 galaxies with Mr < −20.47 in the intermediate redshift range 0.04 < z < 0.12.
Galaxy Group Samples
The galaxy groups used in this work are identified in the SDSS-DR7 galaxy catalogue following Zapata et al. (2009) . The identification of these groups uses the same method presented in Merchan & Zandivarez (2005) , who implemented a Friends of Friends (FoF) algorithm, with a variable projected linking length σ, with σ 0 = 0.239h −1 M pc and a fixed radial linking length ∆v = 450kms −1 . These values were set by Merchan & Zandivarez (2005) to obtain a sample as complete as possible and with low contamination (95% and 8%, respectively). The variable linking lenght is calibrated to compensate the sample dilution with redshift, as the original sample of galaxies is flux-limited. The full catalogue comprises 17.106 groups, in the redshift range 0.001 < z < 0.5. With the aim to study the influence of superstructures in the global properties of galaxy groups, we consider two subsamples of groups: those residing in FVS and those which are not members of FVS. It is well known that the luminosity correlates with the clustering amplitude (Alimi et al. 1988; Zehavi et al. 2005; Swanson et al. 2008; Wang et al. 2011; Zehavi et al. 2011; Ross et al. 2011 ). In order to avoid possible effects of total group luminosity (a suitable proxy to group total mass) we define samples in FVS and elsewhere, G in and G out respectively, by requiring them to have similar luminosity distributions. With this restriction, our group samples are suitable to study different properties of systems and their relation to environment. The resulting samples G in and G out , in the reshift range 0.06 < z < 0.12, contain 1457 and 2645 groups, respectively, with the same luminosity distributions. All these groups comprise at least 4 galaxies brighter than Mr < −20.47, so that the final sample of galaxies in groups is volume limited up to z = 0.12.
In the upper panel of figure 1 we show the luminosity distributions of samples G in and G out where it can be seen their similarity in the total luminosity range 10 10 − 10 11.5 L . Some studies have shown that properties of the galaxy groups correlate with the group multiplicity. Lietzen et al. (2012) found that the dependence of the fraction of different types of galaxies in groups varies with the richness of the group. These authors show that the fraction of star-forming galaxies declines and the fraction of passive galaxies increases as the richness of a group rises from one to approximately ten galaxies. They also show that the fraction of galaxies of different types do not depend on group richness, for groups comprising between 20 and 50 members. The lower panel of figure 1 shows the multiplicity distributions of the samples G in and G out . In order to analyse multiplicity dependence on system luminosity, we have computed the mean multiplicity in bins of total group luminosity. The results are shown in figure 2 where it can be seen that the number of galaxies in groups at a given total luminosity is larger in FVS by a factor 1.3. 
PROPERTIES OF GALAXY GROUPS
3.1 Groups stellar mass, velocity dispersion and star formation time-scale
We have estimated the total stellar mass content of each group by adding the stellar masses of their members. In a similar fashion, we have also computed the total star-formation rate of the groups by adding the star-formation rates of the individual members. In figure 3 we show the resulting total group stellar mass (M * group ) and to- tal group star-formation rate (SFRT group ) distributions for the two samples G in , and G out . It can be seen that the total stellar mass is systematically larger for groups residing in superstructures. Also, the total star-formation rate distributions shows this same tendency. The median total stellar mass content of groups in sample G in is 4.6 × 10 11 M , while the corresponding median in sample G out is 3.4 × 10 11 M . The star-formation rate medians are 6.7M yr −1 and 5.7M yr −1 for G in and G out group samples, respectively. We have also explored the difference of total stellar masses as a function of group luminosity. In Fig. 4 we show the mean total stellar mass as a function of group luminosity for G in and G out samples. By inspection to this figure, and in particular to the lower panel, it can be seen that the excess of the total stellar mass for groups residing in FVS is not strongly dependent on group luminosity. It should be noticed that the difference of the star-formation rate distributions is less significant than the difference of the stellar mass distributions (17 per cent excess in SFRT compared to 35 per cent in M* for sample G in ). These results have a natural explanation in a scenario where groups in FVS started their star-formation process earlier.
Velocity dispersion of groups can be used to explore the dynamics of these systems. We have also studied the dependence of the groups velocity dispersion on group luminosity for samples G in and G out . The results are given in Fig. 5 , where it can be seen that groups located in FVS (sample G in ) present larger velocity dispersion than groups located in less dense environments, regardless of group luminosity. This results is consistent with Einasto et al. (2012) although we stress the fact that our samples G in and G out were selected to have groups with similar luminosity.
With the aim of assigning an indicator of the stellar time-scale at the present star-formation rate for groups we use a parameter defined as τ =M * /SFRT, analogous to the one defined for galaxies. Thus, τ provides an estimate of the time-scale for the formation of the total stellar mass of the group at the present rate of star formation. Figure 6 displays the results for groups of samples G in and G out showing a systematic trend for larger τ values for groups in FVS. It can also be seen that this tendency is larger at lower group luminosities.
We have computed the fraction of galaxies with spectra dominated by a young stellar population as revealed by the Dn 4000 parameter. Figure 7 shows the mean values of F young , such that Dn 4000 < 1.5, for groups in samples G in and G out . As it can be seen, galaxies dominated by a young stellar population are more frequently found in groups not belonging to superstructures. We also find that this effect is stronger at lower group luminosities.
Clustering properties
The aim of this section is to study the clustering of galaxies around group centres for G in and G out samples. For this purpose, we use two-point correlation statistics following the procedures described in Section 3 of Yaryura et al. (2012) . The two-point galaxy-group cross-correlation function, ξ(r), is defined as the excess of the probability of finding a galaxy, at a given distance from a group centre. Since we use redshift-space positions of galaxies, we estimate the correlation function ξ, as a function of the projected (σ) and line of sight (π) distances. Then, we implement the inversion method presented by Saunders et al. (1992) to obtain the spatial correlation function ξ(r) from ξ(σ, π). We integrate along the line of sight to obtain the projected correlation function Ξ(σ):
We estimate the real space correlation function by the inversion of Ξ(σ) assuming a step function Ξ(σ i ) = Ξ i in bins centered in σ i and interpolating between r = σ i values (equation 26 of Saunders et al. 1992) :
In terms of the halo model (Cooray & Sheth (2002) and references therein) all galaxies are associated with haloes, which are defined as dense objects that constitute the non-linear density field. In this context, the two-point correlation function can be interpreted as the sum of two types of galaxy pairs: pairs in the same halo (1-halo term), and pairs in separated haloes (2-halo term). On small scales (r 1M pc) the 1-halo terms dominates, while for larger scales it becomes negligible predominating the 2-halo term (Sheth 2005;  Figure 8 . Group-galaxy cross-correlation functions for samples G in (solid line) and G out (dashed line), where the groups have the same total luminosity distributions. Shaded errors corresponds to Jacknife uncertanties. Zehavi et al. 2004) . We consider galaxies with r-band luminosities M r < −20.5 and take the geometrical centres of groups as centres for the cross-correlation calculation. Figure 8 shows the resulting cross-correlation functions for group centres of samples G in and G out . The solid (dashed) lines correspond to sample G in , (G out ). As it can be seen in this figure, there are no significant differences in the 1-halo term between the two correlation functions. Thus, the galaxy density profile of groups residing in FVS and elsewhere are remarkably similar. These results are consistent with Yaryura et al. (2012) who analysed the 2-halo term difference between groups residing in and out FVS.
Estimates of cluster sizes
It is difficult to address a reliable characteristic size of a galaxy group in observational data. The virial radius r V , is often used to represent groups spatial extent. By definition, and assuming galaxy masses to be known, the virial radius is related to the total energy of the system through the Virial Theorem. The resulting virial radius estimate is sensitive to small separations, leading in some cases to a significant overestimation of group size. The minimal enclosing circle is a suitable alternative estimate of group size which gives a representative measure of the group boundaries. In two dimensions, the general minimal enclosing circle problem consists of searching the smallest possible circle that encloses all the members (Sylvester 1857) . Since it is a classical problem of computational geometry, several algorithms have been developed to solve it efficiently (e.g. Welzl (1991); Gärtner (1999) ; Mordukhovich et al. (2011) ). The minimal enclosing circle has been used to define the characteristic size of galaxy systems, in particular in studies of compact groups (Hunsberger et al. 1998) .
We have computed the minimal enclosing circle radii (R mec ) for the groups of samples G in and G out using the MINIBALL software (Gärtner 1999) . The results are shown in figure 9 . According to this figure, at a given total group luminosity, group sizes (as estimated via R mec ) residing in FVS are larger than those of groups elsewhere. We suggest that the FoF group finding algorithm could influence this result since the neighbourhood of groups in FVS has a higher background level that may link surrounding substructures and induce larger systems.
Internal Structure of Groups
We have used the minimal enclosing circle radius defined in section 3.3 to normalize the radial distance of galaxies in a group with respect to the geometrical center, in order to analyse the stellar mass and star-formation rate profiles. We have stacked groups of samples G in and G out to compute mean radial profiles of the stellar mass and star-formation rate (Fig. 10) .
We find that the both, the stellar mass profile and the starformation rate of groups in samples G in and G out differ from each other. G in systems show a larger stellar mass content and starformation rate, and imply a larger time-scale for star formation at all distances from the group center. Figure 11 shows the mean τ parameter as a function of group-centric distance for samples G in and G out showing a similar behaviour althogh τ values in G in are systematically larger than the G out counterpart at the same groupcentric distance.
GROUP GLOBAL PROPERTIES AND THEIR DEPENDENCE ON THE GLOBAL ENVIRONMENT
According to the current modelling of the hierarchical clustering scenario, the mass of dark matter halos is the main responsible of their properties (Bond et al. 1991; Lacey & Cole 1993; Mo & White 1996; Sheth et al. 2001 ). However, this assumption ignores correlations between different spatial scales, implying that the large-scale environment where the halo resides has no influence on its formation and evolution. Sheth & Tormen (2004) find evidence that haloes in dense regions form earlier than haloes of the same mass embedded in less dense regions. Using numerical N-body simulations, Gao et al. (2005) show that halos assembled at high redshift are more clustered than those of the same mass that assembled more recently. This effect, known as "assembly bias", stays that the properties of a given mass halo depend on its formation history. Hence, if galaxy clusters and groups residing in superstructures have been evolving under different environmental conditions, it is expected to find differences in their present day properties. In this context, use numerical simulations to show that the density distribution in large low density regions (such as voids) present slow evolution, that cease at intermediate redshifts.
On the other hand, in higher density regions (superclusters) the structures begin to form early and continue evolving until the present. Wang et al. (2008) find that SDSS galaxy groups with a red central galaxy are more strongly clustered than groups of the same mass hosting a blue central galaxy. Besides the differences on clustering amplitudes, Zapata et al. (2009) observe that galaxy groups in narrow ranges of masses but diverse formation histories present different galaxy populations. Analysis of substructure on low density regions manifest that the luminosity and local density are not completely responsible of galaxy properties. Ceccarelli et al. (2008) asset that galaxies inhabiting void walls are systematically bluer and more actively star-forming than field galaxies at a given luminosity and local galaxy density. Since the highest density peaks, represented by superstructures, are expected to be the first sites of gravitational collapse, the assembly bias scenario can provide some light on our results. As our group samples have the same luminosity distributions (a proxy for mass distributions), differences found in their properties can be then associated to the large-scale environmental effects. In agreement with Einasto et al. (2012) , we find that groups residing in superstructures are richer and present larger velocity dispersions than those in less-dense global regions. Regarding to the stellar population, the fraction of young galaxies in groups tends to be small when the systems are located on superstructures. Also, the timescale computed from the present-day star-formation rate indicates that groups inhabiting high density regions assembled earlier than groups elsewhere. This is consistent with the previous analysis of Lietzen et al. (2012) . It is expected that groups in superstructures would be the first sites of star formation in the universe and thus are likely to lack a gas reservoir suitable for present-day star formation activity.
CONCLUSIONS
We have adopted global luminosity, i.e. the sum of group member luminosities, as a group parameter. Using this parameter, differences in properties of groups residing in superstructures can be confronted to those elsewhere. The use of global luminosity in our work is reinforced by the fact that numerical simulations show it as a suitable proxy to group total mass (Eke et al. 2004 ). The main results of this work are summarized as follows:
• We find that groups residing in superstructures have a systematically larger stellar mass content exceeding by a factor 1.3 that corresponding to groups elsewhere. This relative excess of the stellar mass content is independent of group luminosity.
• The mean velocity dispersion of galaxies in groups residing in superstructures are ∼ 35 per cent higher than their field counterpart. The minimal enclosing radii of groups in superstructures are systematically larger by 20 per cent. Figure 11 . Group radial profile of mean stellar time-scale of group samples G in and G out .The error bands correspond to the error of the means. Bottom panel: ratio of the mean age for group samples G in and G out .
• A time-scale for star formation defined from the present-day star-formation rate shows that groups in superstructures are systematically older. Consistently, the fraction of galaxies dominated by a young stellar population, Dn 4000 < 1.5, shows the same tendency.
The similarity of the star-formation rate and stellar mass group-centric radial profiles also reinforce our intrepretation in terms of the assembly bias scenario since the differences found are global. Therefore, our results provide evidence that groups in superstructures formed earlier than elswhere, as expected in the assembly bias scenario.
